Introduction
With increasing industrialisation man is continuously disturbing the delicate ecological balance. Among the different sources which cause environmental deterioration, hydrogen cyanide is the most important one. Acute cyanide poisoning in man and animals results in incoordination of movements, convulsions, coma and respiratory arrest 1) . At the molecular level it is well known that cyanide inhibits cytochrome c oxidase. This results in histotoxic hypoxia. It could be anticipated that these profound metabolic changes will affect a large number of enzyme systems and also those involved in the synthesis and metabolism of neurotransmitters in the CNS. But due to effective detoxification of cyanide, cumulative effects of cyanide are rarely seen 2) , but even sublethal doses may at times alter the physiological parameters when administered over a period of time. There are few studies on the effect of chronic sublethal cyanide intoxication on motor performance 3, 4) , motor impairments in these animals are manifested as muscular incoordination or increased whole body locomotion, but they were not quantified. Chronic cyanide toxicity resulting from nutritional sources leads to blindness and tropical neuropathy 5) . As the literature on the chronic e ff e c t s o f c y a n i d e o n b e h a v i o u r a n d b r a i n neurotransmitters are scanty, this study aims to evaluate the effects of chronic sublethal sodium cyanide intoxication on motor coordination and neurotransmitter levels in discrete regions of the brain in albino rats.
Materials and Method
Male Wistar strain albino rats weighing 140-180 g were used for this study. They were divided into two groups of 10 animals each: Group I -control animals-which received saline [0.9% sodium chloride -0.25 ml, intraperitoneally] and Group II -test animals-which received sodium cyanide at a dose of 2 mg/Kg body weight, which is 1/4 th the LD50 dose determined for these rats in this laboratory [sodium cyanide solution was prepared in distilled water to maintain the volume of i.p. injection at 0.25 ml]. All these animals were maintained under standard animal housing conditions with their respective i.p. dose of cyanide or saline for a duration of 30 d. Motor coordination was tested on the 31 st day by the conventional rota rod test 6) . The apparatus consists of a horizontal iron rod, 2.5 cm in diameter and 15 cm long with a roughened surface, moving on its axis at 10 rpm. The duration for which the animal is able to balance on the moving rod (until it falls) is noted as the coordination time.
On the 31 st day i.e. 24 h after the last cyanide/saline administration (to avoid the acute effects of the last injection) the rats were killed by rapid cervical dislocation. The brains were removed and the two main regions responsible for motor coordination, the corpus striatum and cerebellum, were dissected. Killing time was fixed at between 8.00 and 10.00 am to avoid any circadian influence on the neurotransmitters studied. The two regions were immediately processed for the assay of the neurotransmitters, viz dopamine 7) by means of Waters HPLC [Model 501] with electrochemical detector. The individual dissected brain areas were weighed and homogenized in perchloric acid [100 mg brain tissue/ml 0.1M PCA] for 30 sec at 3000 rpm. The homogenate was centrifuged for 2 min at 2000 rpm. One ml of supernatant was mixed with 10 µl of isoproterenol [internal standard] and then centrifuged for 20 min at 10000 rpm at 4°C, to identify the analytical recovery of amine; the recovery was almost complete. The supernatant was filtered through a 0.45 µ membrane filter; 20 µl of the filtered sample was subjected to the HPLC. The working electrode potential was set at 0.9 V. A resolve C18 column was used with a flow rate set at 0.4 ml/min.
Un -paired Student's t-test was performed to analyse the results statistically. Simple correlation and multiple regression analysis were performed to find the correlation between the neurotransmitters and behaviour parameters with an SPSS statistical analysis package.
Results
Chronic cyanide intoxication reduced motor coordination. The control animals could coordinate for 67 ± 1.29 sec, but the cyanide treated animals could coordinate on the rota rod for only 15 ± 2.15 sec (p<0.001). This also has a neurochemical basis as shown by the altered basal amine levels and the metabolites in the corpus striatum and cerebellum of the cyanide treated rats [ Table 1 ]. The correlation analysis revealed a correlation between all the neurotransmitters studied in both the regions and the behaviour parameters studied. All the neurotransmitters had a positive correlation with the behaviour parameters studied (p<0.001) except for serotonin and norepinephrine in the cerebellum which had a negative correlation [ Table 2 ]. The epinephrine level in the cerebellum did not have any correlation with the motor coordination parameters. In multiple regression analysis with the group as a variable, the dopamine level in the corpus striatum gave the highest regression coefficiant. Without the group as a variable, dopamine level in the cerebellum gave the highest one [ Table 3 ].
Discussion
Chronic sublethal cyanide administration inhibits motor coordination. This is strongly supported by the changes in the neurotransmitter levels in the corpus striatum and cerebellum. The functional role of neurochemicals in the maintenance of behavior is well exemplified in studies of the catecholaminergic system and behavior 8) . In this study, chronic cyanide intoxication inhibited dopamine synthesis resulting in a low DA level and high L dopa levels exactly the same as in a previous report 9) . This could be due to the inhibition of L-aromatic amino acid decarboxylase by cyanide as suggested by these authors 9) . Higher levels of L dopa could be due to non inhibition of tyrosine hydroxylase or due to inhibition of minor pathways, such as transamination in the metabolism of L dopa 10) . Several workers have shown that L dopa administration can antagonize the reserpine induced suppression of locomotor activity 11, 12) and this evidence along with the clinical pathology and treatment of Parkinson's disease strongly implicates DA in motor function. Furthermore, it has been found that the effect of L dopa is mediated by the formation of DA and to some extent of NE in the CNS 13) . Although previous reports on cyanide and neurotransmitters have shown no effect of cyanide on the adrenergic system 14) , this study shows that cyanide affects the adrenergic system also by blocking the synthesis of NE and E, mainly in the corpus striatum. This could be due to the inhibition of dopamine β hydroxylase 14) or due to the low level of DA. The serotonergic system was also affected. Chronic cyanide intoxication decreased the synthesis of 5HT and raised its catabolism in the corpus striatum. In the cerebellum the 5HT level was raised along with the rise in 5HIAA which is identical to the report by Yamazaki et al. 15) Persson et al. 14) have also shown that cyanide induced changes in central neurotransmitters are fairly unspecific, which confirms the differences observed in the catecholaminergic pathways in the cerebellum and corpus striatum.
Due to the effective detoxification mechanism, cumulative effects of cyanide are rarely seen. But this work clearly suggests the existence of cumulative effects of cyanide in rodents in spite of high rhodanese [cyanide detoxifying enzyme] activity. It is not known whether such an effect is seen in humans exposed to this toxic chemical who have significantly less rhodanese activity than rats 16) . Hence further investigations are warranted in this area.
